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Inclusion criteria

Types of participants
Studies involving people aged 15-19 years inclusive with a diagnosis of type 1 diabetes who have transitioned from pediatric to adult health care services.
Types of intervention(s)
Any intervention which identified factors that influenced the transition of young people with type 1 diabetes from pediatric to adult health care.
Types of studies
All clustered trials, descriptive studies, pre-and post-test studies, and other designs with a control group and case studies evaluating factors which influence the transition from pediatric to adult health care of patients with type 1 diabetes were included in the review.
Types of outcomes
Primary outcomes: Diabetes control as measured by HbA 1c at follow-up, loss to follow-up, adherence to insulin therapy, incidence of hospital admission for acute complications, and frequency and regularity of clinic attendance Secondary outcomes: Uptake of screening for long term diabetes complications, cost effectiveness of intervention, health-related quality of life and patient satisfaction
Search strategy
Seven databases were searched and the reference list of all included studies was searched for additional studies. There was no time limitation to the search.
Methodological quality
The methodological quality of eligible trials was assessed independently by two reviewers using the Joanna Briggs Institute (JBI) quality assessment tool.
Data collection
Data extraction from the included trials was undertaken and summarized independently by two reviewers using the JBI data extraction tool which was modified in order to extract detailed data from the study.
Data synthesis
Where data were available, it has been pooled and presented as a forest plot in the review results. Studies with textual data results or where synthesis is inappropriate are presented as a narrative summary.
Results
Forty-one studies that potentially met the criteria for inclusion in the review were identified by the search strategy, of which 13 met the inclusion criteria. Factors identified to assist transition in the review studies related to either structured or unstructured interventions. The results of JBI Database of Systematic Reviews & Implementation Reports 2014; 12(11) 10.11124/jbisrir-2014-1077 Page 376 this review demonstrate that when a structured program is in place to assist the transition from pediatric to adult diabetes services, young people are less likely to require hospitalization for acute diabetes complications and more likely to attend appointments at the adult diabetes service.
Conclusions
The evidence identified from this review is suggestive that a structured transition intervention employing a dedicated health professional to support and coordinate the process is more likely to prevent loss to follow-up, maintain clinic attendance, have a positive impact on diabetes control, reduce hospital admissions, and be a more cost effective and positive experience for patients than an unstructured or usual care model.
Implications for practice
The unique needs of these patients demand services distinctly different to the general adult patient with diabetes and adult clinicians should take an active role in ensuring follow-up in this vulnerable group.
Implications for research
Due to the relatively small numbers in this patient cohort one suggestion for future research would be to conduct multi-center randomized controlled trials which may then provide more meaningful evidence of diabetes transition and outcome measures.
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Background
Health care delivery to people with diabetes has traditionally been based on two distinct paradigmspediatric health service or adult health service. 1 Psychology researchers now recognize the unique developmental stage of the young person immediately post high school as distinct from the young adult period, which was traditionally said to begin after adolescence but is now thought to begin in the late twenties or early thirties. 2 It is during this post-adolescent phase that most young people with diabetes are transitioned to adult care, and this is a time when they have competing the demands of diabetes management and the chaotic life style of those of that age, making them vulnerable to acute diabetes complications such as diabetic ketoacidosis (DKA) or severe recurrent hypoglycaemia.
1 Also, during this phase, receptiveness to change is limited and as a means to asserting independence the young adult may reject adult control and adult authority figures. 2 It has been suggested 3 that the adult health system is less attuned to the developmental and behavioral struggles of the young adult and this may be unsettling for both them and their family. A disorganized transfer from pediatric health services to adult care may lead to loss to follow-up, which increases risk of developing diabetes complications. 4 There have been no published randomized controlled trials (RCTs) addressing the transition of adolescents and young adults with type 1 diabetes from pediatric to adult health care, so meaningful conclusions about factors determining the success of transition are limited. care for adolescents focus on the importance of pediatric support while still at school, when the majority of young people will still be supported and influenced by family. As a consequence young people who leave school early, for example, to undertake trade apprenticeships at age 15 to 16 will often be transitioned to adult services at a time when there are multiple changes to routine, when they have already been exposed to a number of adult influences outside of family and are not linked to adult health care providers. 6 Historically, pediatric health care professionals have identified significant obstacles that impede the transfer of patients into adult care, largely arising from the inadequacy of appropriate available services. 7 The Australian national evidence-based clinical care guidelines for type 1 diabetes in children, adolescents and adults 8 recommend that transition from pediatric to adult services takes place between the ages of 16 and 18 years, although current practice is to transition young people at completion of schooling or after 18 years of age. A later age may not be the ideal time for transition given a number of major adolescent developmental changes occurring at this stage 2 and the demands of study, work and relationships which compete with the young adult's commitment to diabetes management. 6 The general consensus is that transition should not be concurrent with a medical crisis; 9 however this is occurring with increased frequency as admission to pediatric health care facilities is being denied on the basis of age.
Anderson 10 has suggested that the transition period provides a window of opportunity to promote and support adult self-care behaviors which is frequently lost as young adults (18-22 years) are distracted by study, financial self-support and social demands. The aim of this review is to identify factors that may assist young adults in achieving a successful transition from pediatric to adult health care.
Objectives
What factors determine diabetes care outcomes for young adults with type 1 diabetes after transition from pediatric to adult health care services?
Inclusion criteria
Types of participants
Studies involving people aged 15-19 years inclusive with a diagnosis of type 1 diabetes who have been transitioned from pediatric to adult health care services.
Types of intervention
Any intervention which identified factors that influenced the transition of young people with type 1 diabetes from pediatric to adult health care. 
Types of studies
Types of outcomes
Primary outcomes:
1. Diabetes control as measured by HbA1c at follow-up.
2. Loss to medical follow-up as defined by Frank 11 occurs when the patient fails to connect with the adult health service within a 12-month period after referral and/or fails to attend at least one medical appointment within a 12-month period.
3. Adherence to insulin therapy.
4. Incidence of hospital admission for acute complications.
5. Frequency and regularity of clinic attendance.
Secondary outcomes:
1. Uptake of screening for long term diabetes complications.
2. Cost effectiveness of intervention.
3. Health-related quality of life.
4. Patient satisfaction.
Search strategy
In consultation with a librarian, databases were searched to identify keywords used in the titles and abstracts as well as subject listings, such as MeSH terms. As each database has its own indexing terms, individual search strategies were developed for each database. During the development of the search strategy, consideration was given to the diverse terminology used and the spelling of keywords as these influence the identification of relevant trials. Search strategies can be found in Appendix I.
In addition, the reference lists of all identified articles and reports were searched for other articles based on their titles. A search for unpublished studies and relevant conference abstracts was conducted across appropriate sources. Hand searching of conference proceedings, theses and any other relevant articles was undertaken.
There was no time limitation to the search and the following databases were searched: CINAHL , MEDLINE (1946 MEDLINE ( -2012 , PsycInfo (1967 PsycInfo ( -2012 , EMBASE (1974 EMBASE ( -2012 , BioMed Central 
Method of the review
Two reviewers independently assessed the titles and abstracts identified from the search against the inclusion/exclusion criteria (Appendix II). In any study where the title and abstract were inconclusive, full text was obtained for further assessment. Full text copies of articles, which were identified as 
Assessment of methodological quality
The methodological quality of eligible trials was assessed independently by two reviewers using the Joanna Briggs Institute Meta-Analysis of Statistics Assessment and Review Instrument (JBIMAStARI) checklists (Appendix III). Any discrepancies in opinion were resolved with discussion.
Each study was critically appraised and methodological quality assessed for (Appendix V):
1. Selection of sample 2. Detailed description of the inclusion and exclusion criteria used to obtain the sample In order to include only high quality studies, a cut-off value of 7.3 (SD 1.03) was used.
Data collection
Data extraction from the included trials was undertaken and summarized independently by two reviewers using a data extraction tool which was modified in order to extract detailed data from the study (Appendix IV). Discrepancies between reviewers were resolved by discussion. Data were collected relating to: 
Data synthesis
Due to the heterogeneity of the included studies, the majority of the data could not be pooled in statistical meta-analysis. The data that were pooled are presented as a forest plot in the review results. Clinical heterogeneity was assessed by considering the populations, interventions and outcomes between the studies. Studies with textual data results or where synthesis was inappropriate are presented as a narrative summary. 
Results
The search strategy identified 74 studies that potentially met the criteria for inclusion in the review, with two further papers identified from other sources. After a review of title, abstract and removal of duplicates, 41 papers were retrieved. On review of full text of these 41 studies, 28 papers were excluded as they failed to meet inclusion criteria. Appendix VII outlines the reasons for exclusion of these studies. A final total of 13 studies were included in the review for critical appraisal ( Figure 1 ). 
Description of studies
Thirteen studies were included in the review and involved a total of 1486 participants with sample sizes ranging from 33 12 to 249. 13 All were descriptive studies and were conducted in Canada, 11, [14] [15] [16] United States of America, 13, 17 Australia, 5 United Kingdom, 4 Northern Ireland, 12 Germany, 18 Finland, 19 Italy 20 and Spain. 21 There were no RCTs among the included papers. A summary of the participants, study method or intervention used and results of each of the studies can be found in Appendix VI.
Methodological quality
There was no disagreement between reviewers when assessing the 13 studies for methodological quality. Based on the criteria for quality assessment the calculated mean quality score was 7.3 (SD 1.03), hence all studies were included in the review. While the included studies were of variable quality and rigor, 13 studies 4, 5, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] provided a clear description of the included sample. More than 80% of the participants were followed up in 12 trials. 4, 5, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and the duration of follow-up ranged from one to five years.
Types of interventions
A clear description of the types of interventions was stated in all studies. Factors identified to assist transition in the review studies related to either structured or unstructured interventions. The structured strategies included using the services of a transition coordinator to initiate and oversee the transition process, 5, 16 transferring patients within the same facility thus eliminating the anxiety and disruption caused by transfers to an unfamiliar environment, 4, 17, 19 transition that is coordinated with an education program, 16, 21 a structured transition planned with the adult endocrinologist, 4, 12, 20 and the provision of specific Young Adult Clinics within adult health care facilities to accommodate the transitioning young adult. 4, 5, 13 The studies which reported on unstructured strategies or usual care 11, 14, 15, 18 were those that involved direct transfer to an adult diabetes clinic or endocrinologist without assistance, apart from the letter of referral and/or an appointment.
Outcome assessment
Outcomes were measured in a reliable way in all studies. Diabetes control was measured using HbA 1C , 4, 5, 12, 13, [17] [18] [19] [20] [21] and hospital admissions were identified from medical records. 5, 11, 16 Frequency and regularity of clinic attendance were obtained through clinic records, 4, 5, 12, 16, 20 mailed questionnaires or telephone interviews. 11, 14, 15, 18 Patient satisfaction was measured using a patient questionnaire, 5, 18, 20 and cost effectiveness was calculated using hospital admission data.
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Findings of the review
The included studies used varied methods, interventions and outcomes; therefore meta-analysis for all outcomes could not be undertaken, rather data are presented as a narrative summary organized according to the primary and secondary outcomes of the review. Effect of structured strategies:
Of nine studies 4, 5, 12, 13, [17] [18] [19] [20] [21] reporting on diabetes control as measured by HbA 1c after transition, eight studies 4, 5, 12, 13, 17, [19] [20] [21] Comparison of loss to medical follow-up rates between two groups was reported in one study. 20 The group that received a structured transition developed in consultation with an endocrinologist specializing in adult diabetes care had a loss to follow-up of 3% at one year and 0% at three years, compared to the group with the unstructured transition consisting of a referral letter and appointment with an adult endocrinologist (69% at one year and 27% at three years). Johnston et al. 12 reported moderate (18%) but not statistically significant loss to follow-up in the group attending the general adult clinic but did not report loss to follow-up among those who attended a dedicated Saturday young person's clinic.
Effect of unstructured strategies:
Three studies 11, 14, 15 that used unstructured strategies reported participant loss to follow-up between 13-25% at the one-to five-year follow-up.
Incidence of hospital admission for acute complications
Hospital admission post-transition was described in three studies, 5, 11, 16 and was reported to be strongly linked to loss to follow-up and clinic attendance after transition.
Effect of structured strategies:
Holmes-Walker 5 reported that hospital admission rates decreased significantly (p=0.05) after the introduction of a transition intervention and were maintained for the study duration. This intervention provided phone support for sick day management. Van Walleghem 16 found no difference in hospital admission rates between groups even with the provision of telephone and email support for assistance in navigating adult health care services.
Effect of unstructured strategies:
As reported by Frank, 11 hospitalization rates were significantly higher (p <0.01) in those lost to medical follow-up compared to those with regular clinic attendance post-transition. Seventy percent of people who were lost to medical follow-up had a hospital admission compared to 45% of those who were regular attendees at the clinic.
Frequency and regularity of clinic attendance
The frequency and regularity of clinic attendance were reported in seven studies. 4, 5, 11, 12, 16, 18, 20 Effect of structured strategies:
The effect of a structured transition on clinic attendance was described in five reports. 4, 5, 12, 16, 20 Services providing dedicated young adult clinics report the highest clinic attendance rates post transition. Holmes-Walker 5 reported 94% of patients had attended a clinic during the last 12 months of the five-year study, while Cadari 20 also reported significant increase (p=0.05) in clinic attendance at end of study for the program group with structured transition (80% ±12.5%) compared to the unstructured group (57% ±5%). While reporting a decline in clinic attendance from 98% to 61%
following transition across all groups, Kipps 4 indicated that attendance rates were higher at the young adult or co-joint clinics within the same hospital and that those who transitioned to different hospitals or adults clinics were least likely to attend clinics. Even though patients attending the Saturday morning clinic were twice as likely to attend, Johnston 12 reported that there was no significant difference between their attendance rates and that of those attending a week day adult clinic. Van This outcome was reported in three studies 13, 16, 20 Effect of structured strategies:
Cardario 20 reported data collected by phone interviews with participants on the uptake of screening for diabetes complications. In the structured group, annual uptake of eye assessment was significantly greater (p=<0.006), as was uptake for micro albuminuria screening and feet examination (p=<0.0001), than that in the usual care group. Even though there was no data on annual complications screening rates, Lane 13 commented that there was no difference in incidence of micro albuminuria in either the YAC or GEC group. He also reported that a higher percentage of patients in the GEC group were treated for hypertension while no YAC patients had hypertension. In Van Walleghem, 16 there were no long term diabetes complications in the younger group whereas the older group reported pregnancy loss of 38%, one case each of heart failure, legal blindness and amputation along with four cases of proliferative diabetic retinopathy -actual screening rates were not described.
Patient satisfaction
This outcome was reported in three studies. 5, 18, 20 Effect of structured strategies:
Cadario et al. 20 compared transition outcomes between structured transition and the control groups.
The entire intervention group reported a positive transition experience compared to the control group in which 70% reported a negative experience. Effect of structured strategies:
Holmes-Walker et al. 5 compared pre-and post-intervention DKA admission rates and reported reduction in acute care bed days for DKA admission and readmission of program participants.
Reduction in DKA readmissions by eight per annum and 3.6 bed days mean reduction in length of stay per patient resulted in a saving of 26.4 acute bed days/year which offset the intervention costs.
Discussion
Concerns remain in the diabetes community about the vulnerability of young people during transition;
however there has been no consensus on the most appropriate transition method. The aim of this review therefore was to identify the best available evidence relating to the effect of various strategies for transition from pediatric to adult health care for young people with type 1 diabetes. Despite the extensive literature on diabetes, only 13 studies were eligible for this review.
As the recognized measure for diabetes control, HbA 1c was the primary outcome of transition interventions in nine studies. 4, 5, 12, 13, [17] [18] [19] [20] [21] Three of these studies 5, 19, 21 reported significant improvement in diabetes control following transition to adult care. These positive results were achieved in studies that involved either rigorous preparations prior to transition to adult services 19 or rigorous follow-up by clinical personnel who provided active support for young people post-transition. These strategies included appointment reminders to encourage clinic attendance, phone support for sick day management, 5 and an intensive education program, 21 all of which provided the opportunity for young people to build resilience while increasing knowledge in self-management of type 1 diabetes.
Conversely, the studies 4, 12, 13, 17, 20 which showed no effect on diabetes control applied passive strategies such as transfer to adult clinics in familiar pediatric facilities.
Structured interventions were also more effective in supporting diabetes clinic attendance as young people move from pediatric to adult health care, which is critical to the long term health of the young person. In this review, a structured intervention, 20 where the transition was planned in consultation with the endocrinologist specializing in adult diabetes, demonstrated no significant loss to medical follow-up at both one and three years, while those unsupported at transition 11,14,15 lost 13-25% of young people to medical follow-up. These results have implications for clinical practice as without regular medical surveillance young people are at increased risk of acute diabetes complications such as diabetic ketoacidosis or severe hypoglycaemia and increased hospital admissions. 5, 11 The present review supports the notion that most hospital admissions are preventable if young people are supported and linked to appropriate services. 5 This intervention was shown to significantly reduce DKA admissions by actively providing phone support for sick day management while a study adopting an unstructured intervention, 11 which reported high rates (25%) of lost to follow-up for diabetes care, also had hospital admission rates of 70%.
Not surprisingly, all reports on screening for long term diabetes complications were in studies 13, 16, 20 undertaking structured strategies for transitions. Lack of complications screening is of great concern, as the main indicator for development of eye and renal disease is continued poor diabetes control, which in this review has been shown to be strongly linked to loss to medical follow-up. If these long term complications are to be prevented in young people, regular monitoring and treatment for existing conditions are required so that progression to vision impairment, blindness or end stage renal disease is reduced. For this to be achieved, young people require assistance to make a successful transition to adult care and to not become lost to medical follow-up.
Patient satisfaction was measured in one study 20 as a qualitative judgement (good, sufficient or bad) and as such this outcome was subjective and at risk of recall bias. Notwithstanding, more patients in structured transition groups reported positive experiences 5, 20 while those in usual care 18 were more likely to have had negative experiences. Collectively, these data suggest that the additional support provided by a structured intervention is more acceptable to young people during the transition to adult care. As the ultimate driver for service provision in health care, cost effectiveness of interventions must be demonstrated by achieving clinical outcomes and ongoing evaluation of the service. The study reporting cost effectiveness in this review was able to demonstrate that by providing phone support for sick day management, the reduction in hospital admissions offset the cost of the program.
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Interventions which improve clinical outcomes in this population may require extra funding to establish services; however consideration must be given not only to both short and long term health benefits for young people if they transition successfully and remain under medical care but also to the potential for long term cost benefits in reducing diabetes complications as young people age.
Limitations of included studies
The results were limited by the sample size (33-101 participants) in nine studies, 5, 11, 12, 15, [17] [18] [19] [20] [21] and retrospective data collection by telephone interview 11, 14, 15, 18 which introduces the risk of recall bias.
Selection bias due to low response rates was reported in six studies, 11, 12, 14, 15, 20 which further reduces available data for analysis. These studies either audited medical records or used a mailed questionnaire to gather retrospective data from patients who transitioned from between one to five years prior to the study. Notwithstanding the small sample size, interventions were described in detail and outcome measures were meaningful and appropriate to the aims of the studies and sample characteristics, and while the findings will be useful to providers of diabetes transition services, clinicians should recognize that small participant numbers and variable follow-up periods do reduce the rigor of the studies.
Conclusion
Transition from pediatric to adult health care is inevitable for all children diagnosed with type 1 diabetes and usually occurs during a period of multiple life transitions when diabetes self-care is often a low priority in their lives. The evidence identified from this review suggests that structured transition interventions that are actively involved with pre-transition preparation, education, rigorous follow-up in adult care and a dedicated health professional to support and coordinate the transition process will be beneficial for young adults. Provision of specific clinics and services designed to assist transition from pediatric to adult services is more likely to prevent loss to medical follow-up, maintain clinic attendance, have a positive impact on diabetes control, reduce hospital admissions, and be a cost effective and positive experience for patients compared with an unstructured or usual care model.
Implications for practice
Young adult clinics were reported to be effective in maintaining clinic attendance and in reducing diabetes complications. Successful transition requires good communication processes between pediatric and adult services; therefore it is critical that transition preparation and self-care education of 
Implications for research
The review demonstrates the paucity of RCTs to assess the effects of transition strategies on young adults with diabetes; therefore large scale multi centre RCTs are urgently needed. Developments in transition strategies must take into account changing technology and the use of telematics among young adults. Formal economic appraisal of transition strategies should be an integral part of further research.
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